The study of the cerebral lipids in the normal and diseased brain was begun, using modern techniques, about 1951 following the articles written by the group in Canada headed by Rossiter. Our first attempts at similar studies in man, especially on pathological material, were published in 1953 and this included an unusual feature in the apparently normal white matter in multiple sclerosis, and also indicated that the sudanophilicpositive material in demyelinated areas was esterified cholesterol and not neutral fat as previously believed by the histologists.
Altogether417 specimens of cerebral tissue from different subjects have been studied and Table 1 shows thedistribution between biopsyand autopsy material, and between the various conditions examined. Of the total, 122 (29 2%) were of normal brain tissue, 125 (29 9 %) were from cases of lipidoses. Multiple sclerosis accounted for 25 (6%) out of the 417 examples, and a wide variety of miscellaneous diseases affecting the brain made up 20-40 of the total.
Consideration in any detail will be given to only five of the lipidoses: amaurotic family idiocy, Tay-Sachs, metachromatic leucodystrophy, sudanophilic diffuse sclerosis and globoid body diffuse sclerosis, and to this will be added inclusion body encephalitis. Of the cases of lipidoses 57 examples were obtained at biopsy and 68 at autopsy. The Problem of Nomenclature There have been very many attempts at the classification of the various lipid diseases affecting the brain and all suffer from one or usually many disadvantages. The clinical approach, as will be shown, is obviously a difficult one even though from a study of the textbooks of neurology a certain uniformity of view has been held by prominent authorities.
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President's Address A careful histological examination defines certain types of disorder which are diagnosed according to the reactions produced by certain dyes together with the sites at which these changes are seen. Such descriptions and classifications have been made by Greenfield (1958) , Norman (1962) and by Einarson & Str6mgren (1961) . Recently, Poser (1965) has suggested a modification of all these earlier ones and his classification has the merit of being simplified.
One of the problems is that cases occur which cannot be accurately placed in any one particular group, for they appear histologically to show cerebral lesions of two diseases. Nevertheless, it has been necessary here to use certain wellknown names and these must be explained.
Amaurotic family idiocy has been used previously to include all those forms of lipidoses including Tay-Sachs disease in which a characteristic histological appearance is seen in the nerve cells. In fact some have used the term amaurotic family idiocy to include Tay-Sachs disease, and have named cases as falling into four groups: (1) Classical infantile, (2) late infantile (Bielschowsky), (3) juvenile (Batten, Spielmeyer), (4) adult type of Kufs. This is no longer permissible, for Tay-Sachs disease has been shown both by electron microscopy (Terry & Weiss 1963) (Muldner et al. 1962) to possess distinct characteristics from the other diseases. The clinical differentiation on age of onset is no longer warranted (Zeman & Donahue 1963) , as is also indicated by the present series. Similarly the electron microscopic appearances of the nerve cells and granules in Tay-Sachs disease are not the same as those seen in the granules and some nerve cells in Batten's disease (Zeman & Donahue 1963) . Accordingly the cases have been divided into two groups, firstly Tay-Sachs disease and secondly all other types of amaurotic family idiocy, which therefore includes patients of all ages, even though there were only 2 of the adult or Kufs's type in this series.
The name metachromatic leucodystrophy needs hardly any explanation. However, there are one or two points worthy of note. It is stated that adult cases occur but in the present series of 31 cases no adults have been seen, and I cannot express any opinion concerning them. There have indeed been other terms used (for details see Poser 1965) and these include the pre-lipoid type of Scholz, the brown metachromatic type of von Hirsch and Peiffer and sulphatide lipidosis introduced by Austin. Our own biochemical studies have always indicated, as did those of Edgar (1957) , that there was an increased content of hexosamine in the brain, as well as an increased sulphatide in this series, as found by Austin (1960) . It would seem that the use either of the term metachromatic leucodystrophy or possibly of sulphatide lipidosis is permissible but the former has been chosen for this presentation.
It is well known that Schilder in a series of three papers described more than one condition, but his description in 1912 of a diffuse widespread demyelination in the brain from a girl of 14 years was excellent. This type, which some have included as an inflammatory reactive type of diffuse sclerosis, is the variety that is here referred to as sudanophilic diffuse sclerosis.
Globoid body diffuse sclerosis is a descriptive term relating to the characteristic histological picture and requires no further comment.
Inclusion body encephalitis is used here to include cases with or without intracellular or intranuclear inclusions and embraces those varieties of the condition described by Dawson as subacute inclusion body encephalitis, van Bogaert's subacute sclerosing leuco-encephalitis, and the Pette-Doring panencephalitis.
Another problem concerning classification arose early in the investigations. Upon what factors should one state that any one patient suffered from a particular disease? As it is hoped to show shortly, the clinical features very rarely warrant a positive diagnosis; the histological diagnosis can be relied upon even though each pathologist may differ a little in some minor details. Our early biochemical analyses demonstrated that these findings were at least as specific as the histological ones (Blackwood & Cumings 1959) ; accordingly, the definite diagnoses mentioned throughout are the result of both histological and biochemical examination. Fig 1 shows an analysis of the histological and biochemical diagnoses of the six conditions to be discussed. It can be seen that histology tends to be more correct in amaurotic family idiocy and inclusion body encephalitis, whereas biochemistry reverses this trend in Tay-Sachs, metachromatic leucodystrophy and, although not showing it here, in sudanophilic diffuse sclerosis.
However, when the material has been obtained by cerebral biopsy another question may arise. Do the results of biochemical (and histological) analysis of a specimen justify one in making a firm diagnosis and are the results of examination of the whole brain the same as those of the small portion removed at operation? Table 2 indicates the number of patients known to have died out of each total of biopsy specimens together with the numbers coming to autopsy. In every case where an examination of the whole brain was madea total of only 15 out of 36 deaths following 200 biopsiesthere was no cause to change the original diagnosis. Two points need comment: the first is that it has been possible to follow up 200 Cherry red spot 1 3 0 0 0 0 out of 242 patients, and secondly that none of the deaths was immediately post-operative, in fact most occurred many months later. Priorto the discussion of the individuallipidoses from the clinical and biochemical aspects a general assessment of the frequency of some of the more common clinical features found in these diseases is helpful. Table 3 is a list of eight specific clinical aspects and the frequency in which they are found in six of these conditions. The numbers at the head of each column refer to the total number of cases in which adequate clinical details were available for analysis.
Mental retardation or backwardness is by far the most common clinical finding except in globoid body diffuse sclerosis. Epilepsy, and here I have to trust the comments of parents as well as clinicians, occurs with marked frequency not only in amaurotic family idiocy but also in sudanophilic diffuse sclerosis. However, epilepsy is relatively rare in metachromatic leucodystrophy. Similarly, myoclonic movements are more commonly seen in disease of the grey matter. Extensor plantars, mutism and especially spasticity are very much more common in metachromatic leucodystrophy than in the other lipid disorders. Lastly the socalled cherry red spot can be found not only in Tay-Sachs disease but also in amaurotic family idiocy. This is important for, as will be shown later, there is a very significant biochemical difference between these two conditions.
A few other general comments should be added. Only 3 consanguineous marriages were recorded, once in each of three conditionsamaurotic family idiocy, Tay-Sachs and metachromatic leucodystrophy. However, only rarely are such details available. The question as to whether more than one sib is involved can be answered more definitely. In 3 out of 20 families more than one sib was affected with amaurotic family idiocy, in one out of 5 families more than one sib suffered from Tay-Sachs disease, while in 11 out of 18 families more than one sib showed positive evidence of metachromatic leucodystrophy. In sudanophilic diffuse sclerosis, 3 out of 8 families had more than one member affected, and the figures for globoid body diffuse sclerosis are 2 outof5.
It is of interest that the parents of only one of the patients with Tay-Sachs disease were Jewish.
The cerebrospinal fluid has been examined in some of the patients with these six conditions and only two real abnormalities have been found. The total protein was raised to over 100 mg/100 ml only in globoid body diffuse sclerosis, while the Lange was paretic in all cases of inclusion body encephalitis. Other examinations were not abnormal.
Two questions might be considered at this stage: (1) How early in life does the first symptom make its appearance? (2) within a few years. Those whose symptoms began after the age of 4 years tended to live longer but there are exceptions to both these statements, suggesting that prognostic suggestions are hazardous. The patients with Tay-Sachs disease showed the initial symptoms in the first eighteen months of life and all died within two years from the date of onset except for 2 patients, one of whom survived four years and the other fifteen and a half years after the onset of symptoms. In metachromatic leucodystrophy there is a wide variation regarding both date of onset and the total period of illness. Probably few patients live longer than six years after the onset of symptoms.
It has been necessary to divide patients with sudanophilic diffuse sclerosis into two groups, the children and the adults. Even so, there is, as with so many of the other diseases, no uniformity either as regards date of the first symptom or duration of disease.
All the patients with globoid body diffuse sclerosis developed abnormalities in the first few months of life and all except one died under lI years of age, the exception living till 3 years.
The patients with inclusion body encephalitis were usually over 3 years old before symptoms developed, only 3 beginning earlier. One patient survives, but among the other patients death was delayed for more than ten years in one case, while the majority died in less than three years.
DESCRIPTIVE EXAMPLES
One example of each condition will be given with a short clinical history of the particular patient, followed by the histological findings, with finally the biochemical characteristics of the particular case described.
Amaurotic Family Idiocy
Case 1 A girl born in 1954 (National Hospital Case No. 76314) was first admitted to hospital when nearly 4 years of age. She had been quite normal until just after her third birthday when she suddenly went stiff, vomited and became unconscious. These attacks recurred with clonic, myoclonic-like movements and with the eyes deviating to the left. When 3 years old weakness in walking with a degree of ataxia was evident and from that time no further progress was made in her speech. W hen examined in hospital there was evidence of ataxia with increased reflexes and extensor plantar responses. There was well-marked nystagmus and evidence of mental retardation. One month later she was having fits with myoclonic jerkings, was unable to stand and was incontinent. The optic discs were normal. The cerebrospinal fluid was normal but the electroencephalogram (EEG) showed a generalized abnormality.
Schilder's disease was mentioned as the possible diagnosis. Cerebral biopsy was then performed when the histological and biochemical examinations both showed that the condition was amaurotic family idiocy.
Five months later, in addition to the previous findings, she was no longer able to speak, and she was obviously becoming more demented. She died fourteen months later, aged 5 years 8 months, but no post-mortem was performed.
The examination of the biopsy material by histological techniques showed the typically ballooned nerve cells in the cortex filled with PAS-positive lipid. The biochemical features of the lipid analysis of the brain shows in most cases some loss of phospholipids, cholesterol, cerebroside and sulphatide in the cortex, with a much lesser degree of abnormality in the white matter. Despite these changes there is no loss and there may even be a slight increase of ganglioside using one of its component parts, neuraminic acid, as the substance actually estimated. A very few brains, coming from those patients with a long history, may show gross loss of all lipids, including ganglioside, together with the presence of esterified cholesterol. In my experience this has only been found on two occasions. The results of the analysis of this brain are given in Fig 3. Thinlayer chromatography shows little specific abnormality.
Tay-Sachs Disease Case 2 A boy was admitted to Great Ormond Street Hospital (Case No. 348621) at the age of 16 months. His parents thought he was backward when 6 months old, and were certain of it at 9 months. He was an only child, the parents were non-Jewish and were unrelated. When 14 months old he had had difficulty in vision and ophthalmoscopic examination revealed a cherry red spot around the macula. Two months later he was unable to sit properly or to use his legs. In hospital he was unresponsive with inco-ordination of eye movements. Myoclonic jerks were present, especially related to noise. There was a left-sided ptosis. The reflexes were increased but the plantar responses were flexor.
The cerebrospinal fluid was normal. Rectal biopsy suggested the diagnosis of neurolipidosis.
Cortical biopsy was performed at the age of 18 months and the histological examination showed the same findings as are seen in amaurotic family idiocy.
The analysis of the lipids in the brain shows a picture similar to that found in amaurotic family diocy except that gangliosides are always greatly increased, in some cases even to ten times the normal amount (see Fig 4) . Thin-layer chromatography gave the result shown in Fig 5. There is a greatly increased amount of a fast-moving component which is absolutely characteristic and diagnostic. This was described by Muldner et al. (1962) and has since been confirmed not only in all our more recent cases but also by other workers. In further experiments (Wherrett & Cumings 1963) it was shown that just over 80% of the total neuraminic acid was in this band and that the molar relationships of N-acetylneuraminic acid/ hexosamine/sphingosine were as 1.0/1.1/10. Further there was also present in our cases an unidentified glycolipid which was increased in these cases as compared to the normal, and this is in agreement with the findings of Gatt & Berman (1963) . One suggestion that was made as a result of this work was that in Tay-Sachs disease there is a defective galactose-transferring enzyme. 
Metachromatic Leucodystrophy Case 3
The patient was a boy (Great Ormond Street Hospital, Case No. 311582) who made no progress with walking after 16 months and who died just before reaching his 8th birthday. His parents were unrelated, and there was a second child who later was shown to suffer from the same condition.
The patient was admitted to hospital when 31 years old with a history of retarded motor and mental development. After the age of 2 years he lost such skills as he had obtained and was limp, and by 3* years was unable to speak, or to sit up in bed.
There was found to be a slight squint with nystagmus and the reflexes were increased with extensor plantar responses. He became more and more spastic especially in the legs.
The cerebrospinal fluid was normal but the EEG grossly abnormal. At first metachromatic material was not found in the urine but, considerably later, and after the diagnosis had been made, it was found to be present. Cerebral biopsy was performed when he was in hospital and both the histological and biochemical examinations revealed the diagnosis.
He died and post-mortem examination was made and the diagnosis made at biopsy confirmed.
The histological appearances from the biopsy specimen showed the typical diffuse type of metachromasia.
Biochemical studies of the cerebral lipids in the biopsy specimen reveal, as seen in Fig 6, a loss of phospholipids and of cerebroside in the white matter together with an increase of sulphatide. The thin-layer chromatographic method of examination (Fig 7) reveals this pictorially both when the whole lipid extract is used and even better after all compounds other than cerebrosides and sulphatides have been removed. In the case recorded here increased amounts of sulphatide were found in the brain, in a peripheral nerve and in the kidney in the post-mortem material.
In 1957 dystrophy. A normal control is on the left with the patient on the right. Note the increase in sulphatide and reduction of cerebroside disease and my experience has been that in all the 31 cases examined there has been a raised total hexosamine level, and this fact formed the original basis for diagnosis. Austin (1958 Austin ( , 1960 and Jatzkewitz (1958, 1960) obtained raised sulphatide figures in their cases, and of the 20 cases studied by me since 1960 all have shown a sulphatide content raised above the normal for the age. These two features can therefore be regarded as diagnostic. Recently Austin and his collaborators (1963) have stated that there was a reduced amount of the enzyme arylsulphatase in 2 of their cases. Certainly there can be no satisfactory explanation of this condition other than that of a congenital abnormality of an enzyme in the pathway associated with the sulphatide and probably the cerebroside metabolism.
Sudanophilic Diffuse Sclerosis
Ce 4 A girl (National Hospital, Case No. 92855) aged 15 on admission to hospital, was discharged but died in July 1964, aged 19 years. There was no consanguinity and she had one brother who was perfectly normal.
There was no real evidence of abnormality until around the age of 11 years when she appeared to be somewhat backward educationally, but it is probable that the deterioration began between the ages of 9 and 10 years.
She spoke normally until the age of 12, but by the age of 14 she began to go stiff, while saliva drooled The cerebral lipids in the white matter ofa girl aged 15 years with sudanophilic diffuse sclerosis. TP, total phospholipid; TC, total cholesterol; EC, esterified cholesterol; TH, total hexosamine; in g/J00 g dry tissue. W, weight dry tissue in 100 g fresh tissue. White columns, normal; black columns, patient from her mouth. She exhibited an odd behaviour for which psychiatric assistance was sought.
Physical signs in hospital were few. The cranial nerves were normal, the optic discs were a little pale, the reflexes were increased but the plantars were flexor. Mentally she was backward, there were fantasy hallucinations together with euphoria and excessive giggling. One or two fits were recorded. The EEG was diffusely abnormal.
A cerebral biopsy was performed and the histological and biochemical findings were those of sudanophilic diffuse sclerosis although the latter investigation suggested some gliosis as well.
The histological appearances were typical of the condition, and this was confirmed at post-mortem.
The biochemical findings of this patient are illustrated in Fig 8. The feature of the condition is a loss of all myelin lipids with the presence of a variable amount of esterified cholesterol. When the myelin lipids are greatly reduced cholesterol esters are often low, as here, and this indicates an older stage of the condition with gliosis present.
Globoid Body Diffuse Sclerosis
Unfortunately few complete unpublished clinical records are available to me, for in my series of 8 cases one is already recorded (Blackwood & Cumings 1954) , another case is to be published shortly in North America (Rozdilsky & Cumings 1965) , in 5 no clinical notes were available although in one of these a few details were given by Matsuyama et al. (1963) , but in the last case there were some interesting and important findings:
Case 5 The patient, a girl ofjust under 1 year, was admitted to Great Ormond Street Hospital (Case No. 320178) having failed to thrive for the preceding month. There was no consanguinity and there had at that time been four pregnancies. The first two children (9 and 8 years of age) were well, but a boy born four years before the birth of this patient had died when aged 2 years of a 'demyelinating encephalitis'. No further details were available but the mother said the 2 affected children appeared to suffer in an identical manner. After the death of the girl, when aged 18 months, a further pregnancy occurred; this resulted in abortion at 22 weeks, but no biochemical abnormality was detected in the foetal brain. The patient had been normal for 6 months but at 7 months athetoid movements commenced and by 11 months, on admission, she was backward with athetoid movements and abnormal postures. No abnormality was present in the cranial nerves, but there was increased tone in all limbs which were hypertonic. Plantars were extensor. She became progressively backward and quadriplegic. No metachromatic material was found in the urine but the cerebrospinal fluid showed a protein of 140 mg/100 ml with a normal Lange.
Cerebral biopsy was performed and the histological and biochemical pictures were both abnormal, showingevidenceofdemyelination without thecharacteristic findings of globoid body diffuse sclerosis. However, in view of the raised protein in the cerebrospinal fluid, Dr P H Sandifer diagnosed this condition. The patient died six months later and examination of the brain then demonstrated that the neurologist was correct.
The histological picture of the whole brain of this case was characteristic of the condition. Other abbreviations asfor Fig 8 The biochemical estimations can be difficult to interpret for there is a loss of myelin lipids with the presence of cholesterol esters in only some cases (see Fig 9) . Austin (1963) has suggested that the ratio cerebroside to sulphatide is raised as compared with the normal ratio and this is true in a few of my 8 cases. Austin has separated the actual globoid bodies and finds that sulphatide is reduced in them whereas cerebroside is present in a relatively large amount. Probably the biochemical results taken in conjunction with a raised cerebrospinal fluid protein could enable a correct diagnosis to be made.
Inclusion Body Encephalitis
Here it is easy to choose a case out of the 23 seen, for only a very few have already been published; the choice has deliberately been of an older subject. (National Hospital, Case No. 97454 ) and died within a few months. There was a normal brother but no other relevant family or past history.
The history of the illness was that he had been irritable for three years with definite deterioration for the past year. His father described him as resentful, antisocial and antagonistic. In the past year he forgot things; he left his motor cycle engine running when he went to work. He would urinate in bed (this and other antisocial activities occurred in 11 of the 23 cases).
On examination there was dysarthria possibly due partly to myoclonic movements, the fundi were pale, there was increased tone in the limbs. He was unable to stand or walk. The reflexes were increased and there was one extensor plantar response.
Cranial nerves and sensation appeared normal. He developed mutism during his period in hospital; the EEG was abnormal and typical. The cerebrospinal fluid showed one abnormalitya paretic Lange. This is a universal finding in this disease. The brain both at biopsy and at autopsy showed the typical histological features.
The biochemical examination does not in this disease yield a diagnostically positive answer; the best one can say is that the results are compatible with the diagnosis. The changes present are a slight reduction of phospholipids in both cortex and white matter with perhaps a small quantity of esterified cholesterol. However, total hexosamine is almost always raised above the normal. These findings are strongly suggestive of inclusion body encephalitis but not absolutely specific.
Other Conditions
It would be possible to discuss with some profit other conditions but this must be done in few words. Niemann-Pick disease shows a characteristic biochemical abnormality as does Gaucher's disease, Pfaundler-Hurler disease and Alpers' disease. The abnormalities of all the lipid conditions are shown in Table 4 . It is possible to state that biochemical analysis, assisted by the cerebrospinal fluid findings in two of the condi-tions, enables one confidently to make a diagnosis from less than half a gram of tissue. The knowledge so gained has enabled advice to be afforded to the relatives, both from the genetic angle and from the prognostic position. Perhaps more important, some knowledge of the basic abnormalities, and hence progress in knowledge as to the etiology of these conditions has been made.
